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Introduction
Elemental carbon particles resulting from incomplete combustion of fossil fuel are one of the major constituents of airborne particulate matter [1, 2] .
These particles are a chemically and catalytically active material and can be an effective carrier for other toxic air pollutants through their adsorptive capability. The chemical, adsorptive, and catalytic behaviors of carbon particles depend very much on their crystalline structure, surface composition, and electronic properties. This paper discusses these properties and examines their relevance to atmospheric chemistry. LBL-11678 nitrogen into the structure. Therefore, elemental carbon particles may be regarded as a complex three-dimensional organic polymer with the capability of transferring electrons, rather than merely as an amorphous form of elemental carbon.
Surface Complexes
Surface complexes may determine the adsorptive, electrical, and catalytic properties of carbon particles [4] . It is therefore important to determine the structure of surface species. Many studies have been carried out in the past on the determination of surface oxygen species [5] . Nearly every type of oxygen-containing functional group known in organic chemistry has been postulated to exist on the carbon surface (Fig. 1) . The functional groups most often suggested are carboxyl groups, phenolic hydroxyl groups, and quinone carbonyl groups [6] [7] [8] [9] [10] . Less often suggested are ether, peroxide, and ester groups in the forms of normal and fluorescein-like lactones [11] , carboxylic acid anhydrides [12] , and cyclic peroxide [13] . The relative amounts of these complexes and their structure depends on the thermal history of carbon particles [14] [15] [16] [17] .
Little is known about the structure of surface nitrogen species, although the capability of fixation of nitrogen [18] in carbon particles and the promoting effect of the catalytic activity of nitrogenous carbon [19] have been observed. We have investigated the structure of surface nitrogen complexes produced as a result of the reaction between carbon particles and NH 3 at both an oxidizing [1] and a reducing atmosphere.
The first set of experiments involves the exposure of combustion-produced soot with NH 3 in air. The nature of surface nitrogen species thus formed was studied with the aid of ESCA. Soot particles for these experiments were generated by a pre-mixed propane-oxygen flame. The exposure of soot particles LBL-11678 to NH 3 was done under two different experimental conditions: in a static regime, with propane soot precollected on a silver membrane filter subsequently exposed to the reactant gas at ambient temperature; and in a flow system, by introducing the reactant gas downstream from the propane-oxygen flame, i.e., while the soot particles are still at high temperature.
ESCA spectra of the nitrogen (ls) region of soot samples prepared in these ways are shown in Figs. 2 and 3. It is evident from Fig. 2 that interaction of NH 3 with "cold" soot particles results in ammonium-like species.
However, as seen from The spectrum of the ambient sample (Fig. 4) Based on these experimental results, N was assigned to a mixture of X amines and amides, and N' to nitrile. Since prior to the interaction with X NH 3 , the soot particle surface was in contact with air and flue gas, it therefore should be covered with surface oxygen complexes. By using the most often-mentioned surface oxygen-carbon functional groups (i.e., carboxyl groups and phenolic hydroxyl groups) and in analogy with organic chemistry, we can describe some possible reactions of NH 3 and soot leading to the formation of amides, amines, nitriles, and ammonium-salt-like compounds associated with soot particle surfaces.
At low temperatures soot particles covered with surface carboxyl or phenolic groups may act as a Bronsted acid when interacting with NH 3 . Carboxyl ammonium or phenolic ammonium salts will be formed as the result of proton exchange.
Ammonia may also be physically adsorbed by hydrogen bonding to surface OH or COOH groups. At elevated temperatures the carboxyl group carbon is electrophilic and has the tendency to accept an electron pair from the basic species in the process of coordination. The nucleophilic substitution reaction of NH 3 with carboxylic acid yields an amide which may dehydrate and become a nitrile upon further heating. Carboxyl and phenolic hydroxyl ammonium salts may dehydrate at elevated temperature to produce amides and/or nitriles and amines respectively. em should shift to about 1200 em for the ND 2 groups. However, a strong band due to the k=O,E 2 g phonon mode of the graphite lattice [24] and/or a vibrational mode of the aromatic structure of graphite [25) also occurs at about 1580 cm-l Likewise, the C-N stretching mode vibrates at approximately 1200 cm-l and appears in both the C-NH 2 and the C-ND 2 surface groups.
We have detected surface nitrogen groups indicating the dissociation of more than one bond in a molecule of ammonia.
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A band between 1600 and 1700 em could be assigned to immines (C=NH and C=N-C), a weak band at 2300 cm-l to nitrile (C=N), and one at 2180 cm-l to isocyanide (-N+=C-).
The evidence of the dissociative chemisorption of ammonia on carbon particle surfaces is also supported by the appearance of the C-D stretching band at 2050 cm-1 . The assignment of the C-H stretching is ambiguous because LBL-11678 
Catal is
Elemental carbon particles are effective catalysts [33] for many different types of reactions including oxidation-reduction, halogenation, hydrogenationdehydrogenation, dehydration, polymerization, and isomerization. derived. This rate law has been confirmed by fog chamber studies [46] . The flask experiments were performed using suspensions of commercially available activated carbons as well as suspensions of combustion-produced soots. is so fast that its rate could not be followed by the analytical techniques used.
The second step is characterized by a much slower reduction of S(IV). The results obtained with these combustion-produced soots were reproduced ( ). Figure 8 also shows a mass balance between the S(IV) consumed and the sulfate produced. At a constant temperature, the amount of S(IV) oxidized by the rapid first step process was found to be proportional to the carbon particle concentration.
The reaction of the second step has the following characteristics:
1. The reaction rate is independent of pH (pH< 7.6), and therefore so 2 ·H 2 o, Hso;, and SO~-are indistinguishable in terms of oxidation on the carbon surfaces.
2. The reaction is first order with respect to the concentration of carbon particles. and S(VI) = sulfate species.
sulfite species, Equation (1) indicates that dissolved oxygen is adsorbed on the soot particle surface to form an activated complex. This adsorbed oxygen complex then oxidizes the S(IV) to form sulfate according to Equations (2)-(4). If one assumes that the reaction follows the condition of Langmuir adsorption equilibrium [47] , the rate of acid formation is
The experimental results yield the following rate law for this reaction: It is therefore impractical to formulate a generally applicable rate constant for atmospheric soot particles because these particles may arise from the combustion of different types of fossil fuel under different combustion conditions and thus possess a different catalytic activity.
We have carried out a box-type calculation [35, 37] [53] for nitrous acid, oxygen, ozone, iron, and manganese systems respectively were used in this calculation.
u .... ++ All the oxidation mechanisms considered except l'lll are pH dependent.
Most of these mechanisms have lower oxidation rates at a lower pH, but some are more sensitive to the change in pH than others. The HN0 2 mechanism shows a larger oxidation rate when the solution is more acidic, however. The following initial conditions were used in the calculation: to Gordon et al. [54] . The concentration of soot and HN0 2 were taken as 3 10 vg/m and 8 ppb respectively. The latter corresponds to 25 ppb of NO and 50 ppb of N0 2 at equilibrium conditions. For NH 3 a concentration of 5 ppb was used, which is higher than the highest equilibrium partial pressure of NH 3 over the United States as calculated by Lau and Charlson [55] . Tables III and   IV list the equilibrium equations and oxidation rate equations used for this comparative study.
The following assumptions were made in the calculations:
1. The size of liquid water drops suspended inside the box is so small that the absorption rate of gaseous species (S0 2 , NH 3 , and HN0 2 ) is governed by chemical reactions.
2. There is no mass transfer of any species across the box during the reaction; therefore, the so 2 (and NH 3 or HN0 2 ) in each box is depleted with time. The mass balance of the so 2 , co 2 , NH 3 , and HN0 2 is always maintained 3. The growth of liquid water droplets due to the vapor pressure lowering effect of the sulfuric acid formed in the droplets is neglected.
The rate of sulfate production is determined by a calculation scheme involving a combination of equilibrium and kinetic steps. Equilibrium between so 2 in the gas phase and sulfur (IV) in the droplet is several orders of magnitude faster than oxidation of sulfur (IV) to sulfate [56] . Similar assumptions were made regarding NH 3 and co 2 gases. Therefore, initially gases are taken to be in equilibrium with the aerosols. Then the formation of sulfate proceeds by the given time-dependent production rate. The increase in the sulfate level in the small time step ~t causes the reduction in pH of the solution, which in turn disturbs the equilibrium between the aerosol and its surrounding gaseous environment. More gases are dissolved in the aerosol to maintain the equilibrium.
At the same time, these gases are depleted in the surrounding atmosphere. After each calculation, the time step is adjusted and the process is repeated until a 24-hour period is completed. The results are shown in Fig. 12 . Figure 12 indicates that 0 3 , soot, and HN0 2 can be important mechanisms for sulfate aerosol formation. In general the 0 3 mechanism is more important under high pH and/or photoactivity conditions when the concentration of 0 3 is high, whereas both soot and HN0 2 processes are more important when the lifetime of fog or clouds is long and the pH of the droplets is low. Both soot and HN0 2 processes can be dominant processes close to sources and in heavily polluted urban areas, where the concentrations of soot and NO/N0 2 are high and the pH of aqueous droplets is low.
The rate constant for atmospheric soot particles varies,depending on the nature and history of particle production as discussed previously. In a fog of soot particles from a natural gas diffusion flame can be considerably faster than the reaction rate reported here. More determination of rate constm1ts
of soot from different types of fuel is therefore warranted. --,---"" Ae-Ea/ RT dt
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The experimental arrangement used for sample preparation is also shown. .... 
